Introduction
Mechanical fracture of micro-scale structures in recent LSI has been becoming a serious problem, especially with many weak interfaces stacked to compose multilayered Cu/dielectric systems. The strength of those interfaces is commonly evaluated by macroscopic techniques such as four point bending that are applied to the blanket films of composing materials [1, 2] .
However, local interface strength may vary significantly, depending on locally inhomogeneous process conditions and material structures. To avoid potential fracture initiated from those possible weak points, local evaluation of interface strength is necessary to improve the mechanical reliability of electronic products. Applying the local evaluation technique developed by the authors [3] , local fluctuations of the interface strength between a Cu damascene line and SiN cap layer were reported in a preceding study with a spatial resolution of 10 µm [4] . Unfortunately, it was not clearly confirmed whether the scatter of strength evaluated there was due to the fluctuation of actual interface strength induced by the geometry and material structure, because the spatial resolution was not high enough in comparison to the dimensions of the line.
In this paper, the same Cu damascene structure was subjected to evaluation with 1 µm scale resolution in a novel system developed recently to perform in-situ fracture test under scanning electron microscope (SEM) observation. Taking an advantage of high enough resolution, specimens were fabricated as lining up across the Cu line. It was expected to observe the scatter of strength due to the distribution of actual interface structure depending on the geometry.
Experimental
The test structure subjected to the experiment in this study is schematically shown in Fig. 1(a) . The weakest interface in this structure is between the upper Cu line surface and the SiN cap layer. For the evaluation of local interface strength, specimens were fabricated by cutting the upper SiO 2 layer into square bricks with the in-plane dimensions of 1 µm × 1 µm and removing the surrounding part so that the bare Cu line surface is seen in Fig. 1(b) around the specimens.
A novel system to enable fracture test with sub-micron resolution was developed by combining a nano-indenter with a FIB-SEM dual-beam microscope. The configuration in the chamber of microscope was shown in Fig. 2(a) . For the evaluation of interface strength, the lateral load was applied to the specimen by a diamond stylus of the nano-indenter with 0.1 µm tip radius as shown in Fig. 2(b) . At a certain load, the specimen was scratched away and the load suddenly dropped to zero. Fig. 3(a) and 3(b) show scanning electron micrographs of specimens observed before and after the experiment, respectively. The load and displacement curve during the fracture test was shown in Fig. 4(a) . The maximum load measured during the fracture test was employed for the evaluation of interface strength based on the numerical simulation explained in the next section. Fig. 5 shows the finite element (FE) model to simulate interface crack extension behavior. Since the Ta layer was far thinner than the other layers, it was ignored in the analysis model. Each specimen was modeled for the FE analysis with both the actual dimensions and the loaded location, which were measured by scanning electron microscopy. The material properties used in the FE analysis are summarized in Table 1 . The residual stress of the SiO 2 layer was measured by the authors [3] , and the obtained value, -124 MPa, was employed in the simulation. When the specimen is loaded, interface crack extends. While the crack extends with a constant energy release rate, the load required to further extend the interface crack changes as shown in Fig. 4(b) . As a consequence, the specimen was Fig. 6 , where a considerable scatter range was observed among the specimens. However, the correlation of the strength with the location across the Cu line was not so clear and the strength looks randomly distributed.
Numerical simulation and evaluation of toughness

Conclusions
The local fluctuation of interface strength between damascene Cu line and SiN cap layer was investigated using a novel experimental system combining a nano-indenter with a FIB-SEM. The interface strength was successfully evaluated as 4.1±1.2 J/m 2 with 1 µm spatial resolution. The weak points randomly appeared regardless of location on the Cu line. The weakest value was even less than a half of the average of the evaluated strength, which has not been detected by any other evaluation techniques with resolutions lower than the system newly developed for this study.
